BACKGROUND CONTEXT: A period of nonsurgical management is advocated before surgical treatment for most patients with lumbar spinal stenosis. Currently, little evidence is available to define optimal nonsurgical management. Physical therapy is often used, however its use and effectiveness relative to other nonsurgical strategies has not been adequately explored. PURPOSE: Describe the use of physical therapy and other nonsurgical interventions by patients with lumbar spinal stenosis and examine the relationship between physical therapy and long-term prognosis.
Introduction
Lumbar spinal stenosis is a degenerative condition of the lumbar spine that is a common source of pain and diminished quality of life in those older than age 50. The prevalence of lumbar spinal stenosis based on imaging criteria is estimated to be almost 50% in individuals older than age 60, although not all cases are symptomatic [1, 2] . Advances in the sensitivity of diagnostic imaging technology combined with the aging of the population in many countries will likely result in continued growth in the number of patients diagnosed with lumbar spinal stenosis.
Considering the pervasiveness of lumbar spinal stenosis among older adults, there is a surprising lack of clarity and consensus regarding the most effective management strategies. The natural history of lumbar spinal stenosis without interventions is not well-described; however, it appears that many affected individuals remain stable or improve over time [3] . It is generally agreed that a period of conservative management is an appropriate initial strategy [4, 5] . Various conservative approaches have been advocated, including watchful waiting, medications, physical therapy, and epidural injections [6, 7] ; however, there is little evidence to guide the choice of a conservative option [8] . Many patients pursuing conservative management for lumbar receive physical therapy [9, 10] . The value of this approach relative to other options is unclear.
Development of an optimal conservative management strategy for patients with lumbar spinal stenosis is hindered by several factors. There is little descriptive research available to characterize the conservative options currently being used by patients across the United States. Physical therapy is frequently advocated as an important aspect of conservative management [11] [12] [13] [14] . Little is currently known about the degree of utilization of physical therapy or patient-related factors associated with the use of physical therapy. Finally, the relationship between the use of conservative options, including physical therapy, and prognosis with conservative management has been largely unexamined. Exploring how various conservative treatment choices relate to prognosis may provide insights into strategies worthy of further research.
The Spine Patient Outcomes Research Trial (SPORT), a multicenter study conducted at 13 sites across the United States, provides an opportunity to examine the approaches to conservative management chosen by patients with lumbar spinal stenosis and to evaluate the relationship between these choices and prognosis. The SPORT design included both a randomized and a concurrent observational cohort of patients with lumbar spinal stenosis that used identical inclusion criteria and assessment procedures [15] . The combined results of the two cohorts showed significantly more improvement in patients treated surgically, although some patients who were either randomized to, or chose, conservative management experienced improvement and were satisfied with their care [16, 17] . Patients in the conservative arms of the SPORT study were treated using ''usual care'' defined as providing recommendations for active physical therapy, education, or counseling with home exercise instruction, and/or nonsteroidal anti-inflammatory medications [16] ; however, no standardized protocol was used. The ultimate choice of conservative options was therefore at the discretion of the physician and patient, with the specific treatments used by patients systematically tracked [15] .
The goal of this study was to perform a secondary analysis of patients with lumbar spinal stenosis who were in the conservative arms of SPORT to describe the utilization of physical therapy by patients with lumbar spinal stenosis and to examine the relationship to long-term prognosis. Specifically, the purposes of this study were to evaluate the utilization of physical therapy as an initial conservative management strategy; explore the factors associated with receiving physical therapy for initial conservative management; and examine the relationship between receiving physical therapy as an initial conservative management strategy and long-term (1-year) outcomes.
Materials and methods

Subjects
Inclusion criteria for participation in the SPORT study were symptoms of neurogenic claudication (pain in the buttock, thigh, or leg during ambulation that improves with rest) or radicular leg symptoms with associated neurological deficits on the physical examination for at least 12 weeks. Confirmatory cross-sectional magnetic resonance imaging or computed tomography imaging demonstrating the presence of either central or lateral lumbar spinal stenosis at one or more levels was required. Patients were ineligible if there was radiographic evidence of instability, degenerative spondylolisthesis, fracture, or scoliosis of more than 15 . Additional exclusion criteria included comorbid health conditions precluding surgical management, prior lumbar surgery, progressive neurological deficit, or indication of a potential nonmusculoskeletal spinal condition (eg, active malignancy, infection). For this analysis, only subjects who were in the conservative arm of the SPORT study were included. The SPORT study enrolled a total of 654 patients. Of these 654 patients, 297 were in the conservative arm: 151 from the randomized cohort and 146 from the observational cohort (Fig. 1) .
Conservative management
Clinical sites participating in the SPORT study were encouraged to recommend that patients in the conservative cohort consider physical therapy, education/counseling with home exercise instruction, and nonsteroidal antiinflammatory medication as initial management strategies. Patients in the conservative cohort could receive any additional conservative treatments deemed appropriate by their physician. Participating clinical sites were encouraged to aggressively pursue conservative interventions if the recommended initial management strategies were not effective [15] . The actual treatments received by patients in the conservative cohort, including crossover to surgical treatment, were recorded at each follow-up assessment. The actual treatments received during the initial 6 weeks after enrollment were used to divide the conservative cohort into those who received physical therapy as an initial management approach versus those who did not receive physical therapy.
Outcome measurements
Outcome assessments were completed at 6 weeks, 3 months, 6 months, and 1 year after enrollment. Primary outcomes included cross over to surgical treatment as well as the Short Form (SF)-36 version 1 Health Status Measure [18] , a generic health-status measure, and the Oswestry Disability Index [19] , a disease-specific measure of disability attributable to low back pain. These measures were chosen based on recommendations in the literature [20] . From the SF-36, the bodily pain and physical functioning subscales were used. Each of these subscales is scored on a 0 to 100 scale with higher scores indicating better health. The Oswestry Disability Index is scored from 0 to 100, with higher numbers indicating greater disability. Secondary outcomes used were the Stenosis Bothersomeness Index, a 0 to 24 scale, with higher scores indicating more bothersome symptoms [20] . The index is calculated as the sum of separate 0 to 6 bothersomeness ratings for leg symptoms of pain, weakness, numbness, and pain after walking. Patient self-ratings of satisfaction with symptoms and degree of progress were also recorded.
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Data analysis
Initial analyses compared baseline characteristics of patients in the conservative cohort who did or did not receive physical therapy as an initial management approach during the first 6 weeks after enrollment. Baseline factors associated with receiving physical therapy during the first 6 weeks were examined using stepwise logistic regression. Criterion for entry was a significance level of p!.10, and p!.05 was required for retention in the final model. Variables considered for entry into the model included the demographic characteristics, comorbid health conditions, baseline outcome measure scores, treatment preference, and physical examination findings listed in Table 1 . Rates of cross over to surgical treatment within 1 year after enrollment were compared between patients who did or did not receive physical therapy during the initial 6 weeks using a chi-square statistic. Comparison of outcomes between patients who did or did not receive physical therapy during the first 6 weeks were performed by evaluating the change
Context
The authors aimed to assess the impact of physical therapy on patients with lumbar spinal canal stenosis.
Contribution
Using patients enrolled in SPORT who underwent nonoperative treatment either via the RCT or observational arms, the investigators found that patients who underwent PT in the first six weeks were less likely to have undergone surgery at one year and had SF-36 physical functioning scores.
Implications
The authors point out the limitations of the data. Most importantly, baseline differences between groups and the uncontrolled use of other therapeutic modalities limits any conclusions regarding efficacy that might be drawn. As such, the study serves as a first step as opposed to a conclusion in the study of PT for stenosis.
-The Editors from baseline to each follow-up assessment using a mixedeffects model of longitudinal regression including a random individual effect to account for the correlation between repeated measurements from the same patient. Analysis was based on available data from patients continuing with conservative management; therefore, the outcomes data for patients crossing over to surgical management were included from baseline to follow-up assessments before surgery, but were censored from the analyses for assessments occurring after surgery. Adjustments were made for center, age, gender, baseline score, income, treatment preference, duration of symptoms, compensation, marital status, pain radiation, smoking status, body mass index, baseline sciatica bothersomeness, and comorbid health conditions. Computations were done using SAS procedures PROC MIXED for continuous data with normal random effects, and PROC GEN-MOD for binary and non-normal secondary outcomes, software version 9.1 (SAS Institute Inc, Cary, NC, USA). Statistical significance was defined as p!.05 based on a two-sided hypothesis test. No adjustments were made for multiple comparisons.
Results
Of the 297 patients in the conservative cohort, 244 (82%) had complete data regarding physical therapy utilization at the 6-week follow-up and are included in the analyses (Fig. 1) . Compared with patients included in the analyses, those who were excluded (n553) did not differ on any baseline examination or demographic characteristics with the exception of race; with a higher percentage of nonwhite patients among excluded patients (25% vs. 12%, p5.04). A summary of baseline variables for included and excluded patients is provided in Table 1 . Ninety (37%) of these 244 patients received physical therapy during the initial 6 weeks following enrollment. Of those receiving physical therapy, 27 (30%) attended two or fewer sessions, 42 (47%) attended between three and 10 sessions, and 21 (23%) attended more than 10 sessions. There were few baseline differences between patients who did or did not receive physical therapy during the initial 6 weeks on either baseline demographic or examination characteristics ( Table 2 ). The group that did not receive physical therapy were more likely to have radiating pain (ie, pain extending below the knee) at baseline (p5.005), and more likely to have a preference for surgical treatment at baseline (p5.028). The utilization of various conservative treatments during the first 6 weeks following enrollment is outlined in Table 3 . The only significant difference between groups was that patients who received physical therapy were more likely to consult with a surgeon during the initial Cross over to surgical management occurred during the first year for a total of 70 patients (29%) originally in the conservative cohort. Nineteen of these patients (21%) had received physical therapy during the first 6 weeks, and 51 (33%) had not received physical therapy during the initial 6 week after enrollment (p5.045). Comparisons of outcomes for patients who did or did not receive physical therapy during the initial 6 weeks are summarized in Table 4 and Figs. 2 and 3. There were higher levels of patient self-rated major improvement at 3 months (between-group difference523.5%, 95% CI: 9.9-37.1), 6 months (between-group difference519.1%, 95% CI: 4.4-33.7), and 1-year (between-group difference525.4%, 95% CI: 10.8-40.1) in the group receiving physical therapy during the initial 6 weeks. The group receiving physical therapy also had a greater reduction in leg pain bothersomeness after 1 year (between-group difference50.7, 95% CI: 0.1-1.3), and greater reductions in the SF-36 physical functioning subscale after 6 months (between-group difference56.0, 95% CI: 0.2-11.7) and 1 year (between-group difference56.5, 95% CI: 0.6-12.4). The global hypothesis tests comparing the primary and secondary outcome measures between groups across all follow-up periods found significant differences favoring the group receiving physical therapy for the outcome of the physical functioning subscale of the SF-36 (p5.014) (Fig. 2) , and the patient self-rating of major improvement (p!.001) (Fig. 3) .
Discussion
The results of this secondary analysis of the SPORT study provide information on the utilization of physical therapy by patients with lumbar spinal stenosis receiving conservative management in a nationally representative cohort. Associations between receiving physical therapy in the initial 6 weeks after enrollment in the SPORT study and long-term outcomes were identified. The results of this study appear to be consistent with the observations of others describing current patterns of conservative management of patients with lumbar spinal stenosis in the United States as encompassing a mix of interventions, medications, and procedures [21] . Receiving physical therapy within the first 6 weeks after enrollment in the SPORT study was associated with a lower rate of progression to surgery over the 1-year follow-up period. Other outcomes evaluated including the Oswestry Disability Index, bodily pain, and rates of opioid use did not differ based on physical therapy use.
The most common conservative treatments received during the first 6 weeks after enrollment in this analysis were medications (particularly nonsteroidal medications and opioids), physical therapy, and injections as well as visits to surgeons or other physicians. There are few reports in the literature documenting the prevalence of specific conservative treatment options used by patients with lumbar spinal stenosis in a large sample of patients from multiple sites across the United States. The Maine Lumbar Spine Study [22] , conducted in one geographic region (the state of Maine) in the early 1990s, provides some information for comparison. The 69 patients choosing conservative management in the Maine Lumbar Spine Study reported a higher use of activity restriction (specifically bed rest, 29%), and lower use of physical therapy (23%) and epidural injections (18%) over a 1-year time frame following enrollment [23] , compared with 4%, 37%, and 32%, respectively, in the SPORT study patients. These differences may reflect a regional pattern and/or a small sample size; however, they appear consistent with the emergence of evidence over the past two decades of the detrimental effects of bed rest [24] . Differences also appear to reflect reported trends toward increased use of spinal injections for back pain in older adults [25, 26] and increasing use of physical therapy for back pain [27] in the period between these studies. Higher utilization of physical therapy for patients with lumbar spinal stenosis is also reflected in the treatments sought by patients in the SPORT study before enrollment [10] . Considering all patients with lumbar spinal stenosis entering the SPORT study, the use of physical therapy was approximately 70%. The use of physical therapy as an aspect of the initial postenrollment management strategy by 37% of patients in SPORT study who were either randomized to or chose to pursue conservative management may be biased toward an overestimation by the fact that surgeons participating in the SPORT trial were encouraged to recommend physical therapy to patients in the conservative cohort. A recent large study of 439,195 Medicare enrollees with back pain from various diagnoses reported a lower utilization rate of physical therapy (16.2%) over a 1-year period from the physician encounter, with a high degree of variability based on the specialty of the physician seen for the initial visit [28] . Similar to the current study, an association was found between lower rates of surgery and receiving physical therapy [28] ; however, both studies used observational designs that preclude conclusions on the effectiveness of physical therapy as a management strategy.
We found mixed results with respect to the potential benefit of physical therapy on outcomes for patients with lumbar spinal stenosis. Receiving physical therapy was associated with greater improvement in physical functioning, a reduced likelihood of receiving surgery, and a higher likelihood of a patient self-rating of major improvement over a 1-year follow-up period. The percentage of patients receiving surgery was 12% lower, and the percentage noting major improvement was 16% higher after 1 year among patients receiving physical therapy. Differences in the physical function subscale of the SF-36 exceeded the minimum clinically important difference of 3 points and favored the group receiving physical therapy at each follow-up assessment [29] . The nature of this analysis and the lack of randomization to conservative treatment approaches preclude conclusions about the cause of these more favorable outcomes. There were Table 4 Primary and secondary outcomes for patients who received or did not receive physical therapy during the first 6 weeks after enrollment across the follow-up assessments .66
Very/somewhat satisfied with symptoms (%) It is difficult to judge the value of physical therapy for lumbar spinal stenosis based on current literature. There have been several randomized, or large observational studies, including the SPORT study, comparing surgical to conservative management [6, 17, [30] [31] [32] , but none have standardized the conservative management to include physical therapy for all patients. Recent randomized trials with small sample sizes and short-term follow-ups have found physical therapy regimens to be superior to no-treatment control groups [33, 34] , and epidural injections superior to physical therapy in the short term but equally effective in the long term [34] for the conservative management of patients with lumbar spinal stenosis. More research is needed to evaluate the relative merits of different conservative management strategies for patients with lumbar spinal stenosis. The need to optimize the effectiveness of conservative management for lumbar spinal stenosis is clear from a consideration of the costs and potential for complications associated with surgery [35, 36] . Maximizing the effectiveness of the recommended period of conservative care could help limit exposure to surgery to those patients whose symptoms are unresponsive to a conservative approach.
The specific content of the physical therapy provided to patients in this analysis was not known. Numerous physical therapy interventions have been recommended for patients with lumbar spinal stenosis including treadmill or stationary cycling, various stretching, strengthening and repeated end-range movement exercise strategies, and manual therapy [12] [13] [14] [37] [38] [39] . Few randomized trials have directly compared different interventions, making it difficult to define the parameters of an evidence-based physical therapy program for patients with lumbar spinal stenosis. Available studies suggest a role for general conditioning using body weight-supported treadmill walking or stationary cycling, strengthening exercises for the trunk and lower extremities, and manual therapy for the spine and hips [13, 33, [39] [40] [41] . Further research is needed to examine specific elements of physical therapy that may benefit patients with spinal stenosis and the optimal dosage. In this study, 30% of patients receiving physical therapy only attended one or two sessions. We cannot determine what the content of physical therapy was for these patients. It may be that advice and education in self-care activities was the goal of these sessions or that the small number of sessions attended could indicate that patients were dissatisfied or did not perceive that additional sessions would be beneficial.
There has been little research examining factors related to whether patients with lumbar spinal stenosis receive physical therapy. Previous studies [42, 43] examining patients with low back pain of varied ages and diagnoses have not evaluated the two factors identified as predictive in this study: marital status and symptom radiation. This may reflect an attitude among providers that the presence of radicular symptoms indicates a need for alternative treatments such as spinal injections [44, 45] . Links between health care use and marital status have been identified [46] ; however, the lower use of physical therapy by married patients in the present study is difficult to explain from the data collected. It is not clear if patients who were married were seeking different forms of health care or were more likely to choose to manage their symptoms without seeking additional care. Additional research is needed to clarify factors that impact care-seeking in patients with lumbar spinal stenosis.
The results of this study should be considered in light of several notable limitations. This study represents a secondary analysis of a subset of the subjects recruited into the SPORT study and was not proposed as an a priori aim of the larger study. As mentioned previously, the lack of randomization to treatment groups in this analysis does not permit conclusions regarding the efficacy of physical therapy. The observational nature of this study cannot eliminate the potential for selection bias in explaining differences between groups. The nonstandardized approach to conservative management in the SPORT study further complicates an evaluation of relative benefits of specific treatment components. Additional research is needed to evaluate the relative effectiveness and cost-effectiveness of well-defined, standardized conservative approaches.
Conclusion
This secondary analysis of a nationally representative cohort of patients from the SPORT study demonstrates that a wide variety of conservative interventions are used by patients with lumbar spinal stenosis who pursue nonsurgical management. The most common conservative treatments used were spinal injections and physical therapy. Receiving physical therapy within the first 6 weeks after enrollment was related to a lack of radiating symptoms, and being single instead of married. Receiving physical therapy within the first 6 weeks was associated with better patient selfrating of improvement, greater improvement in physical functioning, and a reduced likelihood of surgery across a 1-year follow-up period. Other outcomes did not differ based on receiving physical therapy or not. The results of this analysis emphasize the need for further research to define the most effective conservative management strategies for patients with lumbar spinal stenosis.
